Hypocrellins A and B were evaluated for in vitro antimicrobial and antileishmanial activities. Hypocrellin A exhibited promising activity against Candida albicans and moderate activity against Staphylococcus aureus, methicillin-resistant S. aureus, Pseudomonas aeruginosa, and Mycobacterium intracellulare. Hypocrellin B showed weak antimicrobial activities. Hypocrellin A exhibited potent antileishmanial activity, while hypocrellin B was only moderately active. These results of promising antifungal and antileishmanial activity of hypocrellin A may be useful for further structure-activity relationship and in vivo studies.
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Antifungal drugs, such as amphotericin B, ketoconazole (and other azoles), and griseofulvin, have been widely used in the treatment of patients with various fungal infections. However, their clinical use is limited, due either to lack of efficacy or their toxicity and resistance (8, 17) . Therefore, there is a need for new antifungal agents that are more effective and less toxic. For leishmanial infections, only a few drugs, which are highly toxic, are available (4), and their use has further been compromised due to development of drug resistance. Thus, there is a continuous interest in developing new antileishmanial compounds with different modes of action and low toxicities to satisfy clinical use.
Hypocrellins A and B ( Fig. 1) are two main pigments isolated from the parasitic fungus Hypocrella bambusae (Berk. et Broome) Sacc., which grows abundantly in the northwest region of Yunnan Province, People's Republic of China, and the southeastern region of Xizang (Tibet), an autonomous region of the People's Republic of China. These pigments have a long history of use as traditional medicinal agents and were commonly used to treat rheumatoid arthritis, gastric diseases (20) , and skin diseases related to fungal infections (18, 19) . Previous studies showed that hypocrellins exhibited photodynamic anticancer (2, 5, 12, 21) and antiviral (9, 10) activities. These activities were related to their ability to generate active oxygen
•Ϫ , and • OH) (1, 16) and inhibit protein kinase C activity (6) . However, no antifungal or antileishmanial activity has been reported. In this study, hypocrellins A and B were evaluated for activities against a panel of fungi and bacteria and for activity against Leishmania donovani, the causative agent of visceral leishmaniasis.
Hypocrellins A and B were isolated from H. bambusae as described previously (3) at the Experimental Center of Yunnan University, Yunnan, People's Republic of China. Purity was determined to be 99.2%. Samples were dissolved in dimethyl sulfoxide (DMSO). The final concentration of DMSO in all assays was less than 0.2%, which has no effect on the tested organisms.
Activity against a panel of microorganisms, including Candida albicans, Cryptococcus neoformans, Staphylococcus aureus, methicillin-resistant S. aureus (MRSA), Pseudomonas aeruginosa, and Mycobacterium intracellulare, was evaluated in vitro. All organisms were obtained from the American Type Culture Collection (Manassas, Va.). Susceptibility testing was performed using a modified version of the NCCLS methods (13, 14, 15) for all organisms except for M. intracellulare, for which the modified Alamar blue procedure described by Franzblau et al. (7) was followed. Samples (dissolved in DMSO) were serially diluted by using 0.9% saline and transferred in duplicate to 96-well microplates. Microbial inocula were prepared after comparison of the absorbance (at 630 nm) of cell suspensions to the 0.5 McFarland standard and dilution of the suspensions in broth (Sabouraud dextrose and cation-adjusted MuellerHinton broth [Difco] for the fungi and bacteria, respectively, and 5% Alamar blue [BioSource International] in Middlebrook 7H9 broth with oleic acid-albumin-dextrose-catalase enrichment for M. intracellulare) to afford recommended inoculum sizes. Microbial inocula were added to the samples to achieve a final volume of 200 l and final sample concentrations starting with 100 g/ml. Growth, solvent, and medium controls were included on each test plate. The plates were read at either 630 nm or excitation and emission wavelengths of 544 and 590 nm (for M. intracellulare) prior to and after incubation. Percent growth was calculated and plotted with the concentra-tion tested to afford the concentration that inhibits 50% of growth (IC 50 ). The lowest concentrations that kill 100% of organisms, the minimum bactericidal concentration (MBC) and the minimum fungicidal concentration (MFC), were determined by removing 5 l from each clear well, transferring it to agar, and incubating it until growth was seen.
Activity of the compounds against a culture of L. donovani promastigotes was tested in vitro. The promastigotes were grown in RPMI 1640 medium supplemented with 10% fetal calf serum (Gibco Chemical Co.) at 26°C. A 3-day-old culture was diluted to 5 ϫ 10 5 promastigotes/ml. Drug dilutions (50 to 3.1 g/ml) were prepared directly in cell suspension in 96-well plates. Plates were incubated at 26°C for 48 h, and growth of leishmanial promastigotes was determined by the Alamar blue assay (11) . Standard fluorescence was measured by a Fluostar Galaxy plate reader (BMG LabTechnologies) at an excitation wavelength of 544 nm and an emission wavelength of 590 nm. Pentamidine and amphotericin B were used as the control drugs. Percent growth was calculated and plotted with the concentration tested for computing the IC 50 s and IC 90 s.
The activities of hypocrellins A and B against two opportunistic infection pathogens, C. albicans and Cryptococcus neoformans, were evaluated. Their IC 50 s, MICs, and MFCs are summarized in Table 1 . Hypocrellin A exhibited significant activity against C. albicans, with an IC 50 of 0.65 Ϯ 0.14 g/ml, a MIC of 1.41 Ϯ 0.22 g/ml, and an MFC of 1.41 Ϯ 0.22 g/ml. Hypocrellin B showed weak activity against C. albicans. Both hypocrellin A and hypocrellin B were not active against C. neoformans.
Further, to explore the antifungal activities of hypocrellins A and B, Candida species other than C. albicans (listed in Table  1 ) which are known to contribute to opportunistic fungal infections were also evaluated. However, hypocrellins A and B were active against none of these species except Candida parapsilosis. Hypocrellin A showed moderate activity against S. aureus, MRSA, P. aeruginosa, and M. intracellulare, with IC 50 s of 3 to 10 g/ml. It did not show any bactericidal activity. Hypocrellin B showed mild activity against M. intracellulare but was not active against other organisms tested ( Table 2) .
A similar pattern of activity was observed when hypocrellins A and B were evaluated for antileishmanial activity. Hypocrellin A exhibited potent antileishmanial activity, with an IC 50 of 0.27 Ϯ 0.03 g/ml and an IC 90 of 0.71 Ϯ 0.15 g/ml, while hypocrellin B was moderately active, with an IC 50 of 12.7 Ϯ 2.1 g/ml and an IC 90 of 36.9 Ϯ 6.9 g/ml (Table 3 ). It was interesting that the antileishmanial activity of hypocrellin A (IC 50 ) was three-and sixfold more potent than that of amphotericin B and pentamidine, respectively.
The results presented indicate the promising activity of hypocrellin A against C. albicans, with a fungicidal effect. However, hypocrellin A was not active against Cryptococcus neoformans. This result indicates that hypocrellin A had selective growth-inhibitory and fungicidal activities against C. albicans. Hypocrellin B was also active against C. albicans and M. intracellulare, but the activity was relatively weak compared to that of hypocrellin A. Previous reports have indicated that hypocrellins, mainly hypocrellin A, were used for treatment of skin diseases related to fungal infections, such as white lesions of vulva, vitiligo, psoriasis, tinea capitis, and lichen amyloidosis (18, 19) . This investigation provides significant experimental evidence for development of hypocrellin A as a potential antifungal agent. It is worth noting that hypocrellin A is not active against Cryptococcus neoformans, which indicates that it might have a mechanism for fungicidal effect different from that of amphotericin B, which is active against both C. albicans and Cryptococcus neoformans.
The antileishmanial activity of hypocrellin A was more potent than that of pentamidine and amphotericin B, which are currently used for the treatment of leishmaniasis. However, the 
